Abstract. The influence of intraabdominal pressure which is necessary to maintain the operating area during the surgery cannot be ignored especially on the kidneys. Many articles have reported the effect of intraabdominal pressure on normal kidneys. However, the influence of intraabdominal pressure on hydronephrosis kidneys is rarely studied. The aim of the present study was to clarify whether intraabdominal pressure tolerance is modified in various degrees of kidney hydronephrosis by evaluating oxidative damage and mitochondrial injuries. A total of 72 rabbits were randomly divided into three groups (groups N, M and S, which represented rabbits with no, mild and severe hydronephrosis, respectively). Rabbits in groups M (n=24) and S (n=24) underwent a surgical procedure inducing mild or severe hydronephrosis, respectively. Subsequently, rabbits in all groups were allocated to 4 subgroups (N0-N3, M0-M3 and S0-S3) consisting of 6 rabbits each. Groups 0 to 3 were, respectively, subjected to intraabdominal pressures of 0, 5, 10 and 15 mmHg. Oxidative damage was assessed by analyzing levels of reactive oxygen species (ROS), superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase (GSH-Px), catalase (CAT) and lactate (LD). Mitochondrial injuries were assessed based on mitochondrial membrane potential (MMP) alterations, mitochondrial structure and cytochrome c (cytc) protein expression, as measured by JC-1 staining, electron microscopy and western blotting, respectively. Oxidative damage and mitochondrial injuries were noticeably exacerbated in group N and M with increased levels of ROS, MDA and LD, decreased levels of SOD, GSH-Px, CAT and MMP, mitochondrial vacuolization and higher expression of cytc when the intraabdominal pressure reached 15 mmHg. In group S, these alterations occurred at pressures of 10 and 15 mmHg. Therefore, it was concluded that in rabbits exposed to pneumoperitoneal pressure, kidneys with severe hydronephrosis were more likely to suffer from oxidative damage and mitochondrial injuries compared with kidneys with mild hydronephrosis and normal kidneys.
Introduction
With the rapid development of surgical technology, laparoscopic surgery has gradually replaced the traditional open operation owing to its improved cosmetic results, shorter post-operative hospital stays, reduced pain and faster return to preoperative condition (1) (2) (3) . Despite these benefi ts, lapa-(1-3). Despite these benefi ts, lapa-1-3). Despite these benefi ts, lapa-). Despite these benefi ts, lapa-. Despite these benefits, laparoscopic procedure can produce adverse effects secondary to intraabdominal pressure and an increasing number of studies have demonstrated that high intraabdominal pressure caused by carbon dioxide during laparoscopic surgery may have adverse effects on splanchnic organs (4, 5) . Clinical and experimental studies have established that the increase in intraabdominal pressure that develops depending on the degree of pneumoperitoneum during laparoscopic surgery may cause hypoperfusion of intraabdominal organs (6, 7) . Increases in ischemia and the oxidative stress response have been observed with pneumoperitoneum-dependent impairment of organ perfusion. Following desufflation, reperfusion injury occurred with a decrease in intraabdominal pressure (8, 9) .
Kidneys, as important splanchnic organs, are inevitably affected by intraabdominal pressure. Some animal experiments have demonstrated that high and erratic elevations of intraabdominal pressure can decrease venous return, compress the renal vasculature and cause systemic hormonal changes, which eventually decrease renal blood flow, urinary output and glomerular filtration rate significantly (10) . Other studies have observed increases in renal ischemia and oxidative stress response with increased intraabdominal pressure (11, 12) . Although abdominal deflation at the end of laparoscopic procedures reduces intraabdominal pressure and increases renal perfusion, damage from the ischemic injury remains.
Oxidative damage and mitochondrial injuries differ following pneumoperitoneum pressure in rabbit models of varying degrees of hydronephrosis However, the majority of studies concerning pneumoperitoneum pressure damage are based on normal kidneys, whereas certain patients who undergo laparoscopic surgery may also exhibit a certain degree of kidney obstruction (13, 14) . The influence of intraabdominal pressure on hydronephrosis kidneys, caused by stones, tumors or congenital anomalies, cannot be ignored. A kidney with hydronephrosis exhibits a thinner renal cortex, its blood perfusion is already subnormal and hydronephrosis itself has adverse effects on renal tubule function. Therefore, it was hypothesized that hydronephrotic kidneys may have an increased susceptibility to injury as a result of increased kidney pressure during endourological procedures. The present study investigated whether tolerance to pneumoperitoneum pressure differs in rabbit models of no, mild and severe hydronephrosis by evaluating oxidative damage and mitochondrial injuries.
Materials and methods

Animals and groups.
A total of 72 adolescent male New Zealand rabbits (6 months old, weighing 2.0-2.5 kg) were purchased from the Wuhan Institute of Biological Products Co., Ltd. (Wuhan, China). Rabbits were allowed to adapt to the laboratory environment for one week prior to the beginning of the experiment. The rabbits were housed in standard cages with free access to tap water and food, at a temperature of 18-25˚C and relative humidity of 45-55%. The entire procedure complied with the guidelines for the Care and Use of Laboratory Animals (15) and the Ethical and Research Committee of Wuhan University Medical School (Wuhan, China) approved the animal study.
The rabbits were randomly divided into three groups consisting of 24 rabbits each: Normal (N), mild (M) and severe (S) hydronephrosis groups. For the M and S groups, rabbits underwent surgical procedures to induce mild or severe hydronephrosis. For the N group, rabbits received a sham surgical procedure and no hydronephrosis was induced. Following surgery, the rabbits were randomly assigned to 4 subgroups (N0-N3, M0-M3 and S0-S3) consisting of 6 rabbits each. Rabbits in groups 0-3 were insufflated with carbon dioxide in their abdomens to maintain intraabdominal pressures of 0, 5, 10 and 15 mmHg, respectively.
Surgical manipulation. The surgical model by Wen et al (16) was employed. Briefly, the rabbits were anesthetized with 40 mg/kg intraperitoneal sodium pentobarbital at room temperature. The left ureter, left lumbar vein and psoas muscle were exposed through a midline abdominal incision. Separately, for the mild and severe hydronephrosis groups, the proximal ureter was buried in a 2-and 4-cm notch within the psoas muscle. For the normal group, only a midline abdominal incision was performed, and the abdomen was then closed (sham procedure). After 2 weeks, B-ultrasonography was used to confirm hydronephrosis. In the M and S groups, respectively, pyelic distention levels of 0.95±0.27 and 1.69±0.34 cm, and parenchymal thicknesses of 0.33±0.09 and 0.22±0.05 cm, were observed. A second laparotomy was then performed where, following the anesthetization, a 0.5-cm-long incision was made in the left abdomen. A 10-gauge Veress needle was inserted into the peritoneal cavity through the incision and the other side of the Veress needle was connected to a CO 2 insufflator (Stryker Endoscopy, Kalamazoo, MI, USA). Subsequently, the incision was sutured to prevent CO 2 leakage from the abdomen. The pressure for the 0-3 subgroups was set at 0, 5, 10 and 15 mmHg, respectively, for the N, M and S groups. After 1 h of insufflation, the pneumoperitoneum was released, the psoas muscle obstruction was relieved and the abdomen was sutured closed. Rabbits were sacrificed using 150 mg/kg pentobarbital (20%) through the ear marginal vein injection after 24 h, and the left kidneys were collected for biochemical and histological evaluations.
Determination of reactive oxygen species (ROS).
Kidney tissue samples were initially homogenized using a T25 digital Ultra-Turrax ® disperser (IKAH-Labortechnik, Staufen, Germany) in 100 mmol/l PBS and centrifuged at 13,000 x g and 4˚C for 10 min (Heraeus Biofuge Primo R centrifuge), after which the supernatants were collected for detection. The homogenized supernatants were incubated with 4-amino-5-methylamino-2',7'-difluorofluorescein (1 mmol/l; Nanjing Jiancheng Bioengineering Institute, Nanjing, China) for 30 min at 37˚C. The absorbance was detected at 500 nm using an automatic microplate reader (Multiskan MK3; Thermo Fisher Scientific, Inc., Waltham, MA, USA). The results are expressed as fluorescence intensity/mg protein (A.U./mg prot).
Detection of superoxide dismutase (SOD).
Tissues were homogenized using a T25 digital Ultra-Turrax disperser in Tris buffer (pH 7.4) containing butylated hydroxytoluene to prevent new lipid peroxidation that may occur during homogenization. Samples were centrifuged at 13,000 x g and 4˚C for 20 min (Heraeus Biofuge Primo R centrifuge), after which the supernatants were collected. Total Superoxide Dismutase (T-SOD) assay kit (A001-1-1; Nanjing Jiancheng Bioengineering Institute) was used for determining SOD levels. The xanthine oxidase method (17) was used for detection and the absorbance was detected at a wavelength of 550 nm using an automatic microplate reader (Multiskan MK3). The results are expressed as units/mg protein (U/mg prot).
Measurement of malondialdehyde (MDA).
First, kidney tissue samples were homogenized using a T25 digital Ultra-Turrax ® disperser (IKAH-Labortechnik) in normal saline and centrifuged at 13,000 x g and 4˚C for 10 min (Heraeus Biofuge Primo R centrifuge), then the concentration of malondialdehyde (MDA) was measured using an assay kit (A003-1; Nanjing Jiancheng Bioengineering Institute). Briefly, MDA reacts with thiobarbituric acid to form a stable chromophoric product, which was subsequently detected with an automatic microplate reader (Multiskan MK3) at a wavelength of 532 nm. The difference in absorption reflects different MDA concentration in each sample. Results are expressed as units/ml (U/ml).
Detection of catalase (CAT) activity.
Tissues were homogenized and centrifuged at 13,000 x g and 4˚C for 10 min. Catalase (CAT) assay kit (A007-1; Nanjing Jiancheng Bioengineering Institute) was used for determining CAT levels. The CAT levels of the homogenates were assayed at 520 and 535 nm using an automatic microplate reader (Multiskan MK3). The results were expressed as U/ml.
Glutathione peroxidase (GSH-Px) assay. Tissues were homogenized and centrifuged at 13,000 x g and 4˚C for 10 min. A Glutathione Peroxidase assay kit (A006; Nanjing Jiancheng Bioengineering Institute) was used. According to the manufacturer's protocol, GSH reacts with 5,5'-dithiobis-2-nitrobenzoic acid and the absorbance spectrum of the product has a maximum absorbance at a wavelength of 410 nm. The results were expressed as units/g protein (U/g prot).
Lactate (LD) levels. Lactate (LD) is the product of anaerobic respiration and LD levels indicate the extent of hypoxia. Homogenates were prepared after homogenation and centrifugation at 10,000 x g and 4˚C for 10 min. Then a lactate assay kit (A018; Nanjing Jiancheng Bioengineering Institute) was used for LD detection. The results were expressed as nanomoles/g protein (nmol/g prot).
Mitochondrial membrane potential (MMP) detection. JC-1, a cationic dye, is used as an indicator of mitochondrial potential. It represents mitochondrial potential-dependent accumulation, which is detected based on a fluorescence emission shift from green to red. Briefly, fresh renal tissue was cleaned with 0.9% normal saline and was subsequently digested in trypsin solution (Beyotime Institute of Biotechnology, Haimen, China) at 37˚C for ~20 min. The digestion was terminated by the addition of 30% bovine serum (Hangzhou Sijiqing Biological Engineering Materials Company, Hangzhou, China). Suspension cells were centrifuged at 2,000 x g and 4˚C for 4 min and washed with PBS three times. For JC-1 staining, the cells (~3x10 Mitochondrial structure by electron microscopy. Minute pieces of renal cortex were sectioned and fixed in 2.5% glutaraldehyde at 4˚C overnight, washed with 0.1 M PBS (pH 7.2) and subsequently fixed in 2% osmium tetroxide at 4˚C for 2 h. The tissues were dehydrated in graded alcohol and then embedded in epoxy resin at 45˚C for 12 h. All tissues samples were sectioned at 50 nm and washed again with distilled water and prior to being stained with uranyl acetate (2%) and lead citrate (10%) for 30 min at 25˚C, respectively. Then samples were visualized under a transmission electron microscope (H-600; Hitachi, Ltd., Tokyo, Japan). The mitochondrial ultramicrostructure changes were observed in five random fields of view for each section.
Western blotting. Cytochrome c (cytc) expression levels in left rabbit kidney tissues were detected using western blotting. Briefly, tissues were homogenized with a T25 digital Ultra-Turrax disperser in radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology) containing phenylmethylsulfonyl f luoride (Beyotime Institute of Biotechnology) and were centrifuged at 14,000 x g and 4˚C for 20 min. The bicinchoninic acid method was used to detect the protein concentration. Then ~50 µg proteins in each group were added onto the gels per lane for detection, then samples were subjected to 12% SDS-PAGE and were transferred onto polyvinylidene difluoride membranes for 1 h at 200 mA. The membranes were blocked with 5% dried skimmed milk at room temperature (~25˚C) for 1 h and were subsequently incubated with mouse primary antibodies against cytc (NB100-56503; 1:5,000; Novus Biologicals, LLC, Littleton, CO, USA) and β-actin (ab28052, 1:5,000; Abcam, Cambridge, UK) overnight at 4˚C. After washing, a goat anti-mouse secondary antibody (P/N 925-32210; 1:10,000; LI-COR Biosciences, Lincoln, NE, USA) conjugated to IRDye 800CW was added and incubated for 1 h at room temperature. The signal was quantified using a western blot detection system (Odyssey Infrared Imaging; LI-COR Biosciences). Semi-quantitative analysis was conducted (Image Studio version 5.2.5; LI-COR Biosciences) for the corresponding protein expression levels.
Statistical analysis. Data are presented as the mean + standard deviation. All analyses were performed in duplicate. The statistical software package SPSS version 19 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. One-way analysis of variance and Tukey's post hoc test were used for statistical comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results
Levels of ROS, SOD, MDA, GSH-Px, CAT and LD in hydronephrotic kidney tissues following pneumoperitoneum.
In group N, the ROS, SOD, MDA, GSH-PX, CAT and LD levels were comparable when subjected to intraabdominal pressures of 0, 5 and 10 mmHg (N0, N1 and N2 groups, respectively; P>0.05; Fig. 1A) . However, when the pressure reached 15 mmHg (N3 group), the ROS, MDA and LD levels significantly increased, and the SOD GSH-Px and CAT levels decreased, compared with the N0 group (P<0.05; Fig. 1A ). In group M, similar results were observed (Fig. 1B) . In group S, the ROS, SOD, MDA, GSH-Px, CAT and LD levels were comparable at pressures of 0 and 5 mmHg (S0 and S1 groups, respectively); however, at 10 and 15 mmHg (S2 and S3 groups, respectively), the ROS, MDA and LD levels significantly increased and the SOD, GSH-Px and CAT levels significantly decreased compared with the S0 group (P<0.05; Fig. 1C) . Furthermore, marginal increases in the ROS, MDA and LD levels and decreases in the SOD, GSH-Px and CAT levels were observed with the increasing degree of hydronephrosis in groups that suffered no intraabdominal pressure (N0, M0 and S0 groups; Fig. 1 ).
Alterations in MMP levels of hydronephrotic kidneys following pneumoperitoneum. The present study measured MMP to determine mitochondrial injuries with JC-1. When MMP levels are high, JC-1 primarily exists in the mitochondrial matrix as a polymer, which emits red fluorescence (excitation wavelength of 525 nm and emission wavelength of 590 nm). When the MMP levels are low, JC-1 primarily exists in the cytoplasm as monomers, which emits green fluorescence (excitation wavelength of 490 nm and emission wavelength of 540 nm). Thus, alterations in the ratio of red to green fluorescence intensity represents the alterations in MMP levels; a decrease in MMP levels is considered to be an early apoptotic event (18) .
MMP values were expressed as the ratio of red fluorescence intensity to the green fluorescence intensity, indicated in Q2 and Q4, respectively. In groups N and M, the MMP levels were similar in both groups at 0, 5 and 10 mmHg, but decreased when the pressure reached 15 mmHg. In group S, the MMP levels were similar when the pressure was 0 and 5 mmHg, but significantly decreased when the pressure was 10 and 15 mmHg. Furthermore, no significant differences were observed between the S2 and S3 groups (Fig. 2) . Furthermore, a marginal decrease in MMP levels was observed with the increased extent of hydronephrosis in groups that suffered no intraabdominal pressure (N0, M0 and S0 groups; Fig. 2) .
Mitochondrial ultramicrostructure changes. Transmission electron microscopy was used to detect the mitochondrial ultramicrostructure in renal cells. The present study investigated the mitochondrial damage by counting the percentages of swollen and vacuolar mitochondria in the different groups. In group N, no swollen and vacuolar mitochondria were observed at pressures of 0, 5 and 10 mmHg. However, when the pressure increased to 15 mmHg, the percentage of swollen and vacuolar mitochondria increased. In group M, the percentage of swollen and vacuolar mitochondria were comparable at 0, 5 and 10 mmHg, but increased significantly when the pressure was 15 mmHg. In group S, the percentage of swollen and vacuolar mitochondria were similar at 0 and 5 mmHg, but significantly increased at pressures of 10 and 15 mmHg. No significant differences were observed between S2 and S3 groups (Fig. 3) . Furthermore, the percentage of swollen and vacuolar mitochondria increased relatively with the increase in the extent of hydronephrosis in rabbits suffering no intraabdominal pressure (N0, M0 and S0 groups; Fig. 3) .
Expression of cytc.
Western blot analysis demonstrated that cytc protein expression in group N was comparable when subjected to intraabdominal pressures of 0, 5 and 10 mmHg, but significantly increased when the pressure was 15 mmHg. A similar result was observed in group M. In group S, cytc protein expression was comparable at intraabdominal pressures of 0 and 5 mmHg, and significantly increased at pressures of 10 and 15 mmHg (Fig. 4) .
Discussion
The present study demonstrated that oxidative damage and mitochondrial injuries occurred in obstructed kidneys during pneumoperitoneum. It was also demonstrated that oxidative damage and mitochondrial injuries were more severe with a greater extent of obstruction, meaning that severely obstructed kidneys may exhibit reduced cell tolerance to intraabdominal pressure and that they are more likely to suffer oxidative damage and mitochondrial injuries.
Pneumoperitoneum, although generally considered to be essential for adequate exposure in laparoscopic surgery, has been reported to exert adverse effects on renal physiology, particularly under high intraabdominal pressure (>10 mmHg) (19, 20) . Numerous factors contribute to these adverse effects. Wiesenthal et al (21) emphasized that high intraabdominal pressure may noticeably decrease renal blood flow. Borba et al (22) demonstrated that the renin-angiotensin-aldosterone system also affects renal blood flow. These effects may eventually cause hypoxic-ischemic damage, and when intraabdominal pressure is removed, ischemia/reperfusion injury may occur. This type of injury has been associated with oxidative damage and mitochondrial injuries (23) , and apoptosis or death eventually occurs (24, 25) . As mentioned previously, certain patients undergoing surgery also present with a certain degree of kidney hydronephrosis. It has been reported that kidneys with hydronephrosis are more likely to suffer hypoxia problems (26, 27) . According to our previous study, rabbit kidneys with severe hydronephrosis suffered acute kidney injury more readily compared with those with mildly nephrotic kidneys when exposed to pneumoperitoneal pressure (28) . Another study demonstrated that severe hydronephrosis (≥grade 3) led to prolonged pneumoperitoneum time and total operation time in laparoscopic radical nephroureterectomy (29) . The prolonged operation time may lead to increased oxidative stress. Therefore, the present study investigated the effect of intraabdominal pressure based on kidneys with hydronephrosis.
The generation of ROS appears to be an important factor in tissue injury. To an extent, ROS content represents the degree of oxidative damage. Reperfusion reintroduces oxygen to the previously ischemic tissue, which results in a sudden burst of ROS (30) . The primary mechanisms of ROS generation include anaerobic mitochondrial respiration, activated neutrophils, increased xanthine oxidase levels and other factors (31). Mitochondrial membrane lipid peroxidation is considered to be an effect of ROS, and mitochondrial damage promotes the release of large amounts of ROS, which leads to a vicious cycle (32) . MDA is a mediator of mitochondrial damage and leads to mitochondrial dysfunction through the inhibition of respiration and the inactivation of important mitochondrial enzymes (33) . Therefore, by measuring MDA levels, the damage that ROS incurs on kidney tissue may be determined. SOD, CAT and GSH-Px enzymes constitute the primary components of the enzymatic antioxidant defense system against oxidative stress. SOD performs dismutation that leads to the formation of H 2 O 2 , which is subsequently removed by GSH-Px and CAT. GSH has also been reported to serve an additional role against lipid peroxidation (34) . LD is a product of anaerobic respiration. When severe hypoxia occurs, tissues are not able to generate sufficient ATP from aerobic respiration and pyruvic acid is converted into LD by lactate dehydrogenase (35) . In the present study, compared with the respective 0 mmHg intraabdominal pressure groups, increased LD, ROS and MDA levels, and decreased SOD, GSH-Px and CAT levels, were observed in normal kidneys and kidneys with mild hydronephrosis subjected to 15 mmHg intraabdominal pressure, and in rabbits with severe hydronephrosis subjected to 10 and 15 mmHg pressure. The results indicated that kidneys with severe hydronephrosis suffered from oxidative damage more readily compared with normal kidneys and kidneys with mild hydronephrosis after being subjected to intraabdominal pressure.
A loss of MMP is reported to have an adverse effect on mitochondrial function (36) . It is generally accepted that decreased MMP affects the opening of the mitochondrial permeability transition pore, which controls the release of apoptosis-activating factors, such as cytc. The release of cytc eventually leads to mitochondrial-dependent cell death (37) . The current study observed a loss of MMP and higher cytc expression in normal kidneys and kidneys with mild hydronephrosis subjected to 15 mmHg intraabdominal pressure, and in rabbits with severe hydronephrosis subjected to 10 and 15 mmHg pressure, compared with the respective 0 mmHg intraabdominal pressure groups, which indicated an increased severity of mitochondrial damage. This observation may be substantiated by the detection of ultrastructural alterations in the mitochondria. Chronic hypoxia has been reported to augment the quantity and the superficial area of mitochondria, which is conductive to oxygen diffusion. However, severe hypoxia may lead to mitochondrial deformation and swelling, and potentially the rupture of the outer membrane or spillover of the mitochondrial matrix (38) . In the present study, the percentage of swollen and vacuolar mitochondria increased in the mild hydronephrosis and normal groups upon exposure to a pressure of 15 mmHg, and increased in the severe hydronephrosis group at pressures of 10 and 15 mmHg, compared with the respective 0 mmHg groups.
In conclusion, the present study indicated that kidneys with severe hydronephrosis may be more likely to suffer mitochondrial injury than normal kidneys and kidneys with mild hydronephrosis following subjection to intraabdominal pressure. Additionally, marginal effects were identified with the increasing extent of hydronephrosis, even without increased intraabdominal pressure. This phenomenon may be explained as the effect hydronephrosis itself has on the kidneys rather than pneumoperitoneum.
However, if inherent limitations associated with animal models do apply, it would be irrelevant to consider whether similar intraabdominal pressures may be applied in humans as the level of cell tolerance to intraabdominal pressure may differ between humans and rabbits (39) . The difference in the size of kidney samples between two species causes the pressure to be different per unit of kidney surface area. The current study indicated that oxidative damage and mitochondrial injuries are more likely to occur in obstructed kidneys during pneumoperitoneum and that the pressure should be kept lower when performing surgery. Based on the results of this study, further studies regarding the exact underlying mechanisms responsible for the decrease in tolerance to intraabdominal pressure are required. Furthermore, the insufflation of CO 2 in experiments in the present study was performed at room temperature (20-25˚C) and dry (0-5% relative humidity) conditions, and the intraabdominal pressures lasted for 1 h. A retrospective analysis has provided evidence for the benefits of using humidified, warm CO 2 vs. dry, cool CO 2 in surgery (40) . However, Sammour et al (41) revealed that warming and humidification of insufflation gas had no effect on measures of oxidative stress compared with unwarmed and non-humidified controls. In another animal experiment, Akbulut et al (42) demonstrated that oxidative stress on kidneys increased with the prolonged duration of pneumoperitoneal pressure from 120-240 min, and the findings indicated that operating time should be limited to <120 min during laparoscopic surgery. The present study only determined the effect that different intraabdominal pressures had on obstructed kidneys. However, the duration of intraabdominal pressures and the properties of gas should also be investigated as other important factors.
In conclusion, the results of the current study demonstrated that rabbit kidneys with severe hydronephrosis were more likely to suffer oxidative damage and mitochondrial injuries than mild hydronephrosis and normal kidneys when they were exposed to pneumoperitoneal pressure. Therefore, intraabdominal pressure should be appropriately controlled and reduced during laparoscopic surgery in the context of kidney obstruction.
